Probing Dynamic Assembly and Disassembly of Rad51 Tuned by Srs2 Using smFRET.
The integrity of DNA is critical for sustaining the life of any living organism, as DNA is a reservoir of its genetic information. However, DNA is continuously damaged by either normal metabolic pathways or environmental insults such as ultraviolet exposure or chemicals. Double-stranded DNA break is one of the most common types of DNA damage that requires activation of homologous recombination (HR) pathway mediated by Rad51 in eukaryotes (Paques & Haber, 1999; Symington, 2002). Rad51 protein forms a helical nucleoprotein filament on resected DNA to initiate homology search but also can interact with other single-stranded DNA (ssDNA)-binding proteins including Srs2. Srs2, a well-known antirecombinase in HR, is an ATP-dependent 3'-5' DNA helicase in the budding yeast Saccharomyces cerevisiae as well as an ssDNA translocase. It disrupts Rad51 filaments, preventing HR (Krejci et al., 2003; Le Breton et al., 2008; Veaute et al., 2003). In the following text, we provide detailed experimental platforms employed to investigate the activity of Rad51 and Srs2 using single-molecule Forster resonance energy transfer and protein-induced fluorescence enhancement. First, we demonstrate how to detect Rad51 filament formation to address the binding site size binding kinetic of the Rad51, as well as the directionality of the filament formation. Next, we explain how to visualize ATP-dependent translocation and unwinding activities of Srs2 on DNA. Lastly, we demonstrate the filament forming activity by Rad51 which is counteracted by the filament removal activity of Srs2.